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TH^  VAPOR  PRKGSURT?  OP  AQITJOUS  SOLUTIONS 

OP  POTAS  lUM  CHLCRID?.. 

AT  20°  C  .  ■ 
While  contlnulnc  the  study  of  the  vapor  pressure  of  aqueous 
solutions  by  the  Improved  static  netho'l  devised  by  Prazer 
and  Lovelace,  It  was  found  that  the  process  originally  ens- 
ployed  for  the  ren-ova]  of  air  from  the  solutions  was  un- 
satisfactory both  from  the  standpoint  of  corr.pletenees 
and  of  tie  time  consumed.    To  overcore  ti  ese  oljectlons 
It  seemed  desirable  to  prepare  the  solutions  in  vacuo. 
I.e.,  mix  the  air  free  constituents  In  a  vacuuir.,  or  else 
boil  the  solutions  untlll  all  air  is  expelled,  seallnE 
the  container  whille  filled  with  steam.   On  accouit  of  the 
Instability  of  some  solutions  at  holllng  terrperatures, 
it  was  decided  to  develop  the  first  method  mentioned 
above  which  Is  herein  later  described  in  detail.   The 
work  with  solutions  thus  prepared  so  nearly  air  free 
has  revealed  the  possibility  that  the  former  metiSurerents 
may  be  unr'^llabl''  due  to  traces  of  t:lr  in  the  solunions. 
While  the  s^-ut  ment  is  nade  Ir.  tne  lerorta  of  former 
work  that  no  readings  of  the  vapor  pressure  lowering  were 
made  until  the  Vcleod  gauge  showed  a  residual  air  pressure 
of  less  than  O.OOOl  mm  after  a  24 -hour  expansion,  error 
has  very  probably  been  made  in  reading  the  gauge.   The 


1.  J.  Air..  Cher.  Soc .  36,  2439  (lfel4). 
ibid  38,  515  nP16). 


usual  proceduro  In  n-aking  air  tects  was  to  alio*  the 
vapor  of  the  solution  to  expand  Into  a  previously  evacu- 
ated bulb  for  a  period  of  24  hours.   The  solution  was 
then  trapped  off  and  the  water  vapor  absorbed  by  phosphor 
0U8  pentoxlde.   A  period  of  over  night  was  generally  al- 
lowed for  the  absorption  and  the  recldual  air  pressure 
was  reaJ  the  next  morning  on  the  f'cLeod  gauge.   Now, 
not  only  is  the  water  vapur  absorbed  in  this  time,  but 
also  a  considerable  aitount  of  the  air  Is  adsorbed,  pre- 
suitably  by  tho  pentoxlde  and  the  walls  of  the  system. 
It  has  been  repeat' dly  demonstrated  In  the  course  of  this 
work  that  fifteen  to  t*pnty  minutes  Is  ample  for  ti.e 
absorption  of  the  water  vapor  and  the  reading  on  the 
ycLeod  gauge  at  the  end  of  tJ.ls  time  is  a  correct  measure 
of  the  amount  of  air  present.   In  view  of  these  facte 
it  was  deemed  advisable  to  repeat  the  measurements  on 
potasslur  chloride  solutions.   The  work  was  also  extcr^dod 
into  more  dilute  and  more  concentrated  eolutions. 

APPARATUS . 
The  apparatus  used  in  this  work  was  essentiblly 
the  sane  as  that  described  in  a  forrer  article.   Ko 

changes  have  been  made  in  the  bath  design  or  thormoj  »?c,u - 

2 

latlon.   An  extra  trap  has  been  placed  in  the  system 

1>  J.  Am.  Chem..  Soc.  36,  515 

2.      ibid  38,  621,  fig.  5. 


connectlnc  «  point  to  the  right  of  trap  number  11  with  a 
point  to  the  right  of  trup  number  5,  thus  enabling  one 
solution  to  be  balanced  against  another  in  Ihe   Raylelgh 
■anometer*   Such  a  trap  vas  desirable  not  only  for  check- 
ing readings,  but  as  the  flexibility  of  the  manometer  was 
limited,  It  became  necessary  to  devise  this  means  for  reading 
concentrated  solutions.   For  example,  a  1.5  M  solution  nas 
read  agSlnst  the  solvent,  then  a  3.0  V   solution  against  the 
1.5  V.   This  3.0  M  solution  was  left  in  the  bath  and  hit:h- 
er  concentrations  read  against  It. 

A  more  powerful  telescope  for  reading  the  de- 
flections, s,  and  a  sliver  millimeter  scale  have  been  in- 
stalled.  The  difficulties  In  Illuminating  a  metallic  scale 
had  forced  the  use  of  a  paper  scale  hitherto,  but  a  frost- 
ed glass  plate  set  in  an  ordinary  photographer's  dark 
room  lantern  equii)ped  with  a  tungsten  lamp  was  found  to 
give  excellent  illumination  of  the  metallic  scale. 

HXPHRIV^TAL. 
The  potassium  chloride  used  in  this  investiga- 
tion was  the  best  obtainable  stock  with  guaranteed  analysis* 
and  was  recrystal  ized  from  fr-.-shly  distilled  water,  using 
centrifugal  drulnag*^.   Careful  tents  for  lir.purlties  were  neg- 
ative, 'jxopt  for  water.   No  special  precautions  were  taken  for 
drying  the  salt  except  that  used  for  iraking  standards  for  anal- 
ysis of  Bolutlonr.  in  t.>;o  Intorfarometer .    This  portion 
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was  drlea  to  constunt  ••-•Ight  In  an  air  bath  at  700  de- 
grees.  To  llluBtrati^  l\\e   difficulty  of  drying  potasplvut 
chloride,  •  sairple  dried  over  night  at  150  degrees  and 
then  over  calcium  chlor  Ide  for  16  days  was  found  to  still 
contain  several  tenths  of  a  percent  of  water. 

Before  Introducing  a  solution  Into  the  bath,  the 
entire  systerr  was  evacuated  by  Intermittent  pumplngs  for 
a  period  of  24  to  26  hours.   Solutions  were  irad"  up  to 
approximate  strengths,  Introduced  Into  the  bath,  reud  and 
analyted  after  coming  from  the  bath.   The  method  of  making 
up  and  Introducing  the  solutions  is  as  follows: 

A  round  bottom  pyrex  flask  A,  figure  1,  *lth  a  tube 
of  7  mm  Internal  dlai  eter  sealed  on  to  the  neck  Is  filled 
with  water.   A  constriction  is  drawn  at  a  and  a  piece  of 
rubber  tubing  is  attached  to  the  end  of  the  tube.   The 
water  is  thn  vigorously  boiled  for  30-40  minutes  allowing 
a  free  escape  of  steam-.    #hen  about  300  cc  of  water  re - 
rain,  the  rubber  tube  is  pinched  shut,  the  flask  removed 
instantly  froo  the  flame  and  sealed  off  at  the  constric- 
tion.  Then  the  sealed  end  is  inclined  downward  the  entrap- 
ped bubble  of  vapor  must  close  completely  and  with  a 
metallic  click,  or  tne  w«ter  is  rejected  as  not  being 
sufficiently  air  free. 

The  weight  of  the  water  having  toun  ueLisrmlned  to 
0*1  gran,  an  amount  of  so^'ute  corresponding  to  this  aaouri 


of  noler  for  a  desired  concontratlon  Is  then  weighed  Into 
a  flask  B,  figure  2,  by  ir.oans  of  a  short  funnel  attacf.ed 
•  1th  a  rubber  Lube.   A  file  irark  is  placed  or  the  tip  u, 
and  flasks  A  and  B  are  connected  with  a  rubber  tube  as 
shown  In  figure  2.   The  other  end  of  B  Is  attached  to 
the  pump  and  after  several  hours  exhaustion  Is  sealed 
off  at  b.   Heating  B  In  a  steam  bath  facilitates  the  reir.oval 
of  adsorbed  air  or.  the  solute.   The  tip  a  Is  then  broken  In 
the  rubber  tube  aid  solver t  and  solute  mixed. 

After  mixing,  the  rubber  tube  Is  pinched  shut, 
the  flask  A  Is  removed  and  a  capillary  pipette  g,  fig- 
ure ;,  Inserted  In  Its  place.   To  the  other  end  of  B 
a  mercury  reservoir,  pa: tly  filled.  Is  attached  and 
held  horizontally.   The  reservoir  Is  evacuated  for  a  few 
minutes  with  the  oil  pump,  then  rlgJited  and  M.--  tube 
around  t  Is  carefully  filled  wltli  rrercuiy.   The  tip  b 
is  n^xt  broken,  the  solution  Is  forced  though  the  pipette 
and  allowet:  to  waste  until  all  air  bubM'^p  ^ave   been  swept 
from  the  pl.ette,  then  it  Is  directed  up  through  the 
■ercury  column  Into  thn  evacuated  systeri  ,  »,  G  or  H. 
No  vroihie  Is  experienced  with  air  leaklnf  'n  >•  •  the 
rubber  connection  If  a  tl^^ht  fitting  tube  la  eelected 
and  It  Is  tied  on  with  soft  Iron  «lre  twlstod  tight 
with  a  pair  of  pliers. 


With  cureful  manipulation,  the  solutions  thus  In- 
troduced showed  negligible  air  In  teflts  made  after  four  to 
six  twelve-hour  expansions.   The  concentrated  solutions  did 
not  come  air  free  quite  so  rapidly,  due  doubtless  to  the 
difficulty  In  [lumping  off  the  adsorbed  ulr  on  the  so:  Id 
salt  during  the  preparation  of  the  solution. 

After  a  solution  showed  negligible  air,  readlncs 
were  taken  on  the  manometer  until  about  five  consecutive 
concordant  readings  extendlnc  over  a  period  of  two  or  more 
days  were  obtained.   The  procedure  was  to  take  a  zero  point 
with  both  limbs  of  tlie  manometer  connected  with  the  same 
system,  generally  that  one  containing  the  solvent  and  its 
vapor.   Then Imned lately  the  traps  were  adjusted  for  reading 
the  lowering  of  a  solution,  and  after  allowlnr;  ten  or  fif- 
teen minutes  for  the  establishment  of  equilibrium,  at  least 
three  settings  were  taken  on  the  manometer.   No  reading  was 
regarded  reliable  unless  the  tero  point  was  afterwiirds 
checked  wl*,hln  the  limit  of  accuracy  of  setting  the  manom- 
eter.  Owlnc  ^o  ^^^6  unfortunate  situation  of  the  laboratory 
near  heavy  street  and  railway  traffic  the  tero  point  was 
not  always  checked.   If  then  on  returning  to  the  solution 
the  reading  of  the  solution  could  be  checked,  these  read- 
ings with  the  new  zero  point  were  regarded  as  reliable. 
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Under  good  conditions  the  manometer  was  easily  set 
to  a  t-^nth  uf  a  nRllllme'-er.   As  on''  frllllmeter  on  the  scale 
for  the  present  mounting  of  tlie  telescope  amounts  to  0.00511 
BB  actual   difference  In  level  of  the  menisci  1  In  the  manom- 
eter, this  Indicates  an  accuracy  of  approximately  0.0005  db 
In  setting.   A  study  of  '.he  deflections  recorded  i.erein 
•111  show  that  seldom  ever  did  the  measurement  of  the  lower- 
ing of  the  vapoi  pressure  of  a  solution  vary  as  much  as 
0.001  mm  over  a  pei lod  of  several  days. 

Owing  to  the  fact  that  the  solvent  was  a  lowed 
to  stand  In  thp  bath  for  several  months  at  the  time,  there 
was  a  possibility  of  Its  extracting  alkali  from  the  glass. 
Not  only  was  the  solvent  carefully  tested  for  soluble  natter 
on  coming   from  the  bath,  but  during  the  course  of  the  work 
fresh  solvent  was  Introauced  into  one  of  the  systems  and 
read  against  the  original  solvent.   In  no  case  were  the 
findings  sufficient  to  change  the  results. 

The  Stat  ment  ir.  former  articles  thtt  exact 
regulation  of  room  temperature  is  unnecessary  was  rigur- 
ously  tested  out  ^nd  confirmed.   It  Is  only  neceo.ary  to 
avoid  air  currents  and  sudden  changes  of  temperature  in 
the  rooB. 


C/xLCULATIONS 
The  vapor  pressure  lowerlnge  were  calculated 
from  the  observations  by  means  of  the  following  equations: 

(1)  h  .  d  slnG 

(2)  s  .  D  tan  26 

In   which,    d    -  disteuice   between   the   points    In   the  manometer, 

D    ■  distance   froir   scale    to   mlrr-or   on   ir.anorreter, 

8  ■  the  deflection  read  on  the  scale, 

h  a  the  pressure  difference  In  the  limbs  of  manoirieter, 

£<  =  angle  through  which  the  rranometer  Is  rotated 

Combining  (1)  and  (2), 

u,    ds  Bin  G 

n  Z        —    T ■  n» 

2D  itan2  6 
For  values  of  9  up  to  1  degree,  the  expression,  sin^  /it«n26  , 
may  be  put  equal  to  unity,  and  the  formula  becomes, 

n  z   — • 
2D 

Since  d/2D  is  constant,  the  expression  simplifies  to 

h  =  ka« 
This  forrula  has  been  used  in  calculating  the  lowering 
of  dilute  solutions,  but  above  0.7  M  wne:  e  its  ub«'  in- 
volves a  certain  small  error,  use  has  been  made  of 
(1)  and  (2)  corrbined  thus: 

tan-l-£- 

h  ■  d  Bin  >^ —  • 

2 

Values  of  h  obtained  in  mm  of  Ha  at  room  temperature  (24)  are 
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corrected  to  Hg  at  0*  und  recorded  In  Table  1  under  p  -  p  . 

The  vapor  pressure  lowerincr.  for  solutions 
of  mannlte  Investigated  by  this  method  have  been  found 
to  folloir  Raoult's  la#  vrry  closely.   Using  them  as  a 
basis,  the  calculation  of  the  percentage  Ionization  of 
dilute  solutions  of  potassium  chloride  has  been  attempt- 
ed.  If  the  concentration-lowering  curve  for  mannlte  be 
a  straight  line  it  irakes  no  difference  whether  ioniza- 
tion be  calculated  from  the  ratio  of  the  lowering  of  a 
given  concentration  of  potassium  chloride  to  the  lowering 
of  the  same  concentration  of  mannlte,  or  from  the  ratio 
of  the  concentrations  giving  the  same  lowering.   Use  of 
the  former, 

Lowering  of  KCl ^    __  ^    Ionization, 

Lowering  of  Mannlte 

has  been  made  in  these  calculations,  as  interpolations 
over  very  short  ranges  of  concentration  have  been  neces- 
sary to  express  the  percentage  ionization  at  even  concen- 
trations. 

The  vapor  pressure  of  a  solution  may  be  calculated 
from  its  freezing  point.   The  equation"  connecting  the  solvent 
mol  fraction  H/V  *■   n  with  the  lowering  of  fr^  ezing  point,  ^f,,ia: 

1.  T  H  Rogers,  Doctor's  Dissertation,  "opklns,  If-l? 

2.  lashburn,  Prlnciplen  of  Physical  Chom 


11 


,,  ,   ,        N  0.4343  L, 

(1)   logiQ 


N  +•  n  R  Tp^      Tp 

■hero   Lf  =  latent  heat  of  fusion  of  1  mol  of  solvent, 

Tr-  ■  absolute  freezing  point  of  tlie  solvent,  and 

Tf  s  abso 'Ute  freezing  point  of  the  solution. 
Prom  Raoult's  law  we  get 
(2)    N     .Pi 


N  -)-  n     p 
where   p_^  =  vapor  pressure  of  the  solution 
and    Pq  ■  vapor  pressure  of  pui  e  solvent.   It  follows  that 

(3,  10.,,  _Ji_   .   ,„,,,  Pi 

Equating  (1)  and  (3)  we  get 

/-.  X  -.     Pi       0.4343  If  J^, 

(4)  log,^— i  = ^m-   ,  or 

'^Po        R  T^„    Tf 


(5)  log^oPi  =  log^o^o 


-  k4^. 


We  may  employ  this  equation  to  calculate  ihe  vapor  pressure 
of  a  solution  at  its  freezing  point.   If  von  Babo's  law 

\Po/  0      iPo/20" 
Then  subslltutlng  the  vapor  pressure  of  the  pure  solvent 

at  20  for  p^  in  (5),  p^  comes  out  to  bo  the  vcipor  pressure 

of  the  solution  at  20". 
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ANALYSIS  OP  SOLUTIONS. 

A  Zeiss  Interferometer  was  used  to  analyze  the  solu- 
tions after  they  were  taken  from  the  bath.   A  twenty  milli- 
meter cell  was  calibrated  over  the  range  of  KCl.   In  order 
that  any  error  In  the  determination  of  the  value  of  the  screw 
divisions  around  any  given  concentration  may  be  negligible. 
It  was  aimed  always  in  the  final  analysis  to  have  the 
standard  approximately  the  same  concentration  as  that  of 
the  unknown  solution.   This  often  Involved  the  use  of 
a  second  standard  made  up  to  the  strength  indicated  by 
the  first  analysis. 

To  insure  confidence  in  the  ability  to  match  the 
bands  in  the  Interferometer,  weighed  portions  of  the 
solutions  were  occasionally  evaporated  to  dryness  in 
a  platinum  dish  and  the  residue  dried  to  constant  weigvt 
at  300  degrees.   In  this  way  check  values  of  the  analyses 
on  the  Interferometer  were  obtained  with  no  difficulty. 

The  concentration  of  all  solutions  is  expressed 
in  nols  per  1000  grams  of  solvent,.  usin£  74.56  as  the 
molecular  weight  of  ECl 
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DATA 

The  Vapor  Pressure  Lowerlngr 
of  Twerty  Solutions  of 
Potasslun.  Chlorid'^ 
at  20  Degrees. 
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0.0498  If  KCl 


Dale 
3/10/17 


Zero 

282.9 
282.9 


Reading   Zero 


288.6 
268.65 
288.55 
286.6 


282.85 
282.9 


Reading  Deflection 


5.71 


3/10/17 


282.1 
282.1 


287.9 
287.9 
287.9 


282.1 
282.15 


5.79 


3/11/17 


281.3 

281.25 

281.3 


287.0 
287.05 
287.1 
287.05 


281.25 
281.35 
261.3 


5.76 


3/12/17  282.0 


287.8 
287.8 
2B7.8 


282.05 
282.05 


5.77 


3/12/17 


283.0 

287.05 

283.0 


288.8 
288.8 
288.75 
288.75 


283.0 


5.76 


D    s   3804  mm 
d    =   38.90  am 
k   -   0.005113 


Average  Deflection 


5.76  mm 
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0.0704  »'  KCl 


Date       Zero      Reading  Zero      Reading   Deflection 

3/10/17    282.65     290.85  282.8 

282. »      290.65  282.75 

290.85  282.8  8.03 


3/10/17 

282.1 

290.15 

282.15 

290.1 

282.05 

290.05 

282.1 

6.00 


3/11/17     281.25    289.3 
281.35     28?. 35 
281.?      289,7  281.3  8.02 


3/12/17     281.95     290.0 
281.95    269.95 


29D.0      282.0  6.01 


D    ■    7604  mrr 
d    s  38.90  mm 
'K    .    0.005113 


Average   Deflection  8.02  mm 
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0.0997  V  KCl 

Date       Zero      Reading  Tero      Reading   Deflection 

5/1/17     283.8     295.1 

283.65     295.05  283.85 

296.05  283.8               11.25 

3/2/17     283.75     295.05 
283.75     294.  C'5 

265.0  283.75  11.25 

3/2/17  293.15 

393.1  281.9  293.1 
293.1  281.9             393.2 

293.1  281.9             293.1             11.22 

3/2/17  281.9  293.15 

281.9      293.05  281.96 

293.1  281.95 

293.15  281.95               11.18 

3/3/17  283.75  295.06 

283.8  294.95 

295.1  283.75 

295.05  283.8  11.27 

3/3/17     283.75     295.15  283.85 

283.8      295.1  263.9 

295.1  283.65  11.29 

3/3/17  283.65  295.06 

253.6             295.1  283.8 

295.06  283.76  11.27 

3/3/17     283.0     294.2 

283.0     294.25  283.95 

294.2  Zf:-' .^^^  11.26 


D  :  3804  mm 

d  r  38.90   k  =  -^.106113 


Average  Deflection        11.26 
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0.201?   M   KCl 


Date 
4/11/17 


r.ero 

277.95 
277.95 
277.96 


Reading    Zero 


300.25 

300.2 

300.35 

300.2 

300.25 


277.85 
277.85 
277.95 
277.95 


Readlnfi   Deflection 


22.32 


4/11/17 


277.45 
277.5 


299.9 
299.9 
299.85 


277.55 
277.5 


22.38 


4/11/17 


276.6 
276.6 


298.8 
298.8 
296.8 


276.65 
276.6 


22.19 


4/12/17 


284.85 
284.85 


307.2 
307.15 
307.2 
307.2 


284.95 
284.9 

284.85 


22.71 


4/12/17 


:'84.9 

284.9 


307.1 
307.2 
307.15 


284.85 


22.27 


4/13/17 


285.65 

285.65 


307.9 
307.9 
307.9 


285.65 


22.25 


D    :   3801  r,n 
d    ■   38.90  Run 
k    :   0.006117 


Average  Deflection 


22.29  rr.ir 


18 


0.2P85   V    KCl 


Date  Zero  Reading  Zero  Reaclln£  Deflection 


32.87 


1/23/17 

290.5 
290.6 
290.4 
290.5 

323.45 
323.4 
323.3 
323.35 

290.5 
290.55 

1/23/17 

290.5 
290.55 

323.4 

323.35 

323.4 

290.65 
260.55 
290.55 

1/23/17 

290.0 
269.95 

322.85 

322.9 

322.8 

290.0 

1/24/17    290.65     323.55     290.55 
290.65    323.5      290. 8 


1/24/17    290.15     323.0 

290.15     322.95      290.05 


D    r   3307.  rnm 
d    >   36.90    cnni 
k    .  0.005109. 


32.82 


32.87 


323.55     290.7  32.86 


323.0      290.05  32.88 


Average  Defl'-ctlon,       32.86  ■« 
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0.3855  M  KCl 


Date 

Zero 

Reading 

Zero 

Reading 

1/13/17 

291.0 
2tl.O 

337.1 

333.15 

333.05 

290.9 
290.9 

1/16/17 

332.9 
332.9 
332.9 

290.8 
290.7 
(290.9) 
290.75 
290.8 

332.9 

332.65 

Deflection 


42.15 


42.13 


1/16/17 


1/16/17 


1/17/17 


291.0 
291.0 
291.0 

333.15 

333.15 
333.15 

291.0 

290.85 
290.9 

333.0 
333.0 
333.0 

290.85 

291.5 
291.5 

333.6 
333.7 

333.7 


291.5 


42.15 


42.13 


42.17 


Average  Deflection 


42.15iuc 


D    •   5807.  irir. 
d    ■   36.90ii:in 

k    -   0.  ^05109 
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0.4973  M  KCl 
Date       Zero      Reading    Zero     Readlnc    Deflection 

l/2Z/n  290.65     346.0 

290.55  340.0  290.6 

290.56  345.0  290.5  54.43 


1/23/17  290.0  344.5 

3-t4.55  290.05 

344.5  290.0  64.60 


1/24/17  290.55  345.1 

290. e  346.16  290.7 

290.7  345.1  290.7  54.4:' 


/24/17 

345.3 

345.25 

345.35 

290.65 

345.2 

290.6 

345.25 

345.2 

290.9 

345.35 

/24/17 

290.2 

344.6 

290.2 

344.7 
344.7 

290.16 
290.15 

54.42 


54.49 


Average  Deflection  54.45  mir 


D    =   3807.  ir.a 

d    «   38.90  mr       k    =    0.00510P 


1/31/17 


1/31/17 


2/\l\l 


2/1/17 


2/1/17 


21 


0.600'>  I?  KCl 


Date       Zero      Reading    7ero     Heading   Deflection 
1/31/17 


290.05 

355.8 

290.1 

3t^.85 

290.0 

355.9 

289.95 

355.9 

289.95 

290.0 

355.9 

289.95 

355.65 

289.95 

355.75 

290.0 

290.05 

355.9 

290.1 

355.9 

290.0 

355.85 

290.0 

290.4 

356.25 

290.45 

350.15 

290.4 

350.?  5 

290.5 

290.5 

356.2 

290.5 

29^^.8 

356.5 

290.7 

350.4 

290.75 

290.7 

350.5 

356.8 
356.8 

290.8 

356.8 

291.05 

65.85 


65.85 


65.84 


65.75 


65.72 


291.0     356.8 

291.0     356.85    65.79 


D  =  3807  ms  Average  Deflection     C5.80 

d  ■  38.90  rrin 
k  =  0.005109 


22 

0.6995   V   KCl 
Date  Zero  Reading  TIero  Peadlng  Deflection 


1/20/17 

283.0 
283.0 

359.55 
359.5 
359.  7 
359.7 
359.65 

283.0 
283.0 

76.62 

1/20/17 

283.0 
283.0 

359.55 

359.75 
359.05 
359.65 

262.95 

76.67 

1/20/17 

281.9 
281.85 

358.45 

358.5 

368.5 

281.65 

76.61 

1/21/17 

282.1 
282.05 

358.7 
358.7 
35S.7 

282a16 
2B2.15 

76.59 

1/21/17 

281.4 
281.4 
281.35 
281.5 

367.95 
357.95 
357.95 

2S1.3 
.  281.35 
2S1.35 

76.57 

1/22/17 

BOl 

358.7      282.2 

358.6  282.15 

358.7  282.2 

Average  Deflec 

358.75 
358.7 

lion 

76.65 

D  .  3804. 

76.60  rrn 

d  s  38.90 

irjr. 

k  .  0.005113 

0.7958  V.    KCl 
Date  Zero  Reading  Zero  Reading  Deflection 

86.75 


1/30/17 

289.8 
286.85 

376.6 
376.6 
376.55 

289.85 

28P.8 

1/30/17 

269.2 

289.2 

376.0 
375.9 

375.95 

289.15 

289.15 

1/30/17 

289.25 
289.3 

376.05 

376.05 
376.05 

289.25 

1/31/17 

290.5 
290.5 

377.2 
377.15 
377.1 
377.1 

290.35 
(290.2) 
2^0.4 
290.3 

1/31/17 

0 

290.8 
290.8 

377.5 

377.55 

377.4 

377.6 

377.5 

290.8 

1/31/17 

290.0 
290.0 

376.8 
376.8 
376.85 

290.0 

D  z  3607.  rrrr 
d  s  38.90  mr. 
k    •  0.005109 


86.78 


86.78 


86.73 


86.71 


86.82 


General   Averat's  66.76  ica 
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0.0966  M   KCl 


Date 
2/\l/n 


Zero 

267.2 
267.2 


Reading 

395.75 
395.65 
395.6 
395.6 


Zero 


287.15 
287.25 


Reading 


Deflection 


108.60 


2/17/17 


287.2 
267.3 


395.95 
395.9 

«J  9  0  •  9 


267.2 
287.35 


106.68 


2/17/17 


391.65 
3M.7 
391.8 
391.75 


263.25 
26«^ .  2 
283.2 


391.7 
391.75 


108.50 


2/18/17 


285.15 
285.15 
265.1 
265.2 


393.7 
393.7 
393.75 


265.1 


108.58 


2/16/17 


285.0 
265.05 


w  y  w'  •  4  o 


?54.9 

265.0 
264.95 


106.52 


2/20/17 


392.2 

392.25 

392.2 


283.7 

263.6 
283.7 


39.2.2 
392.2 


106.56 


D  •  3604.  mm 
d  z  38.90  WB 
k  s  0.005113 


Average  Deflectlcn 


108.57  KB. 
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1.2461  M  KCl 
Date       Zero      Reading    Zero    Reading    Deflection 


3/29/17 

282.2 
28^.2 

417.9 
417.9 
417.85 

282.2 
282.2 

3/29/17 

281.3 
281.3 

416.95 

417.0 

416.95 

281.2 
281.3 

3/30/17 

282.5 
282.5 

418.2 

4ie.i 

416.1 

28C.5 
282.5 

3/30/17 

261.65 
281.6 

417.3 
417.15 
417.15 
417.2 

281.5 
281.5 

135.68 


135.69 


135.63 


135.64 

3/31/17     281.9     417.65 

281.9     417.7  281.95 

417.7  281.9              135.77 

3/31/17    281.86    417.6 

251.65    417.6  281.9 

281.65     417.65  281.85             136.76 


Average  Deflection         135.69 
D  >  3804 .  mrr. 
d  =  3S.90r.ir. 
k  r  0.005113 


26 
1.5099  }f  KCl 

Date  Zero  Reading         Zero  Re  idlng       Deflection 

4/25/17  283.2  447.65 

2^7.15 

164.64 


283.2 
283.25 

447.85 
447.8 

2^7.15 
257.15 

4/25/17 

282.9 
282.9 

447.5 
447.5 
447.55 
447.5 

282.85 
262.65 

4/26/17 

281.9 

281.85 

261.65 

446.6 
446.6 
446.5 

281.9 

4/26/17 

262.0 
282.0 

446.7 

446.65 

446.65 

282.0 

4/26/17 

281.45 
281.45 

446.0 

446.05 

446.05 

281.45 

D  =  3801. 

rr 

Averuge  Defl 

d  z   38. to 

mm 

k  z  0.005117 

164.63 


164.70 


164.67 


IO4.6O 
164.65 
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1.7072  M  KCl 
Readings  against  0.2013  M  ECl. 


Date      Zero       Reading    Zero     Reading   Deflection 


163.99 


4/10/17 

277.96 
277.95 
277.9 

442.0 

441.95 

441.9 

276.0 
278.0 

4/10/17 

276.95 
277,0 

440.85 

440.9 

440.85 

276.95 
276.95 

4/11/17 

« 

441.15 
441.1 

441.05 
441.1 

277.2 

277.15 

277.2 

441.1 
441.15 

4/12/17 

284.95 

284.9 

284.85 

448.85 

448.7 

448.75 

446.7 

448.6 

448.7 

284.85 

264.9 

284.85 

4/12/17 

264.65 

448.8 

448.75 

448.75 

284.65 
284.85 

D  3  3801. ma 
d  a  3e.90mn 
k    s   0.006117 


163.91 


163.93 


163.87 


163.92 

Average  Deflection  163. 92i 

Deflection  of   0.2013   M  {v4.v.)22.29i 
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1.9938   V   KCl 
Readings   agftlnet    :).6995  M  KCl 


Date 

Zero 

Reading 

Zero 

5/20/17 

262.95 

424.0 

423.95 

423.95 

282.9 
282.95 

5/20/17 

281.85 

422.95 

422.9 

422.9 

281.8 
261.85 

5/21/17 

362.15 
283.15 

423.35 

423.3 

425.3 

282.25 
282.25 
282.25 

z/z\/\i 

281.3 

281.35 
261.35 

422.4 

422.35 

422.4 

422.4 

422.35 

281.35 

281.5 

5/22/17 

282.2 

282.15 

282.2 

423.2 
423.3 
425.2 

282.06 

282.2 

282.2 

Reading   Deflection 


141.04 


141.09 


141.11 


141.05 


141.06 


D  s  3804.  mn. 
d  •  38.t0  mtr. 
k  r  0.005113 


Average  Deflection  141.07  bub 

Deflection   of   0.6996  ¥    (q.v.)70.60  m 


2fi 


2.2460  M  KCl 
Readings  against  1.2461  M  Y.ri 


Date       Zero      Reading    Zero    Reading    Deflection 


109.60 


5/29/17 

382.2 
282.2 

392.0 

391.95 

391.95 

262.15 
283.15 

5/29/17 

281.2 
281.3 

391.1 
391.1 
391.05 

261.16 

261.15 

5/30/17 

262.5 
282.5 

392.3 

392.35 
3P2.45 
392.5 
3i2.5 

282.65 
262. ''i 
262.7 

5/30/17 

281.5 
281.5 

391.45 
391.35 
391.3 
391.35 

281.45 

3/31/17 

281.95 
281.9 

391.8 
391.8 
391.86 

282.0 
282.0 

3/31/17 

261.9 

281.86 

.7 

t'  i^  i  .  7 
391.75 

281.8 
281.85 

109.88 


109.65 


109.88 


109.66 


109.87 

Average   Deflection  109.65BkB 

Deflection   of   1.3-tr,l    Vtj...;    135.69mB 

D    -  3804    MJi 

d    =   58.90    BBi 

k    •  0.005113 
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2.4916   M   KCl 
Readings   against   0.9068  M  KCl 

Date  Zero  Reading  Zero  Reading     Deflection 


164.41 


2/20/17 

282.6 
282.6 

447.0 

446.95 

446.95 

282.5 
282.55 

2/21/17 

283.5 
283.55 

447.95 
447.95 
447.95 

283.5 

2/21/17 

283.5 
283.45 

448.0 
447.9 
448.1 
448.0 

283.55 
283.55 

2/21/17 

283.45 
233.5 

448.0 

447.95 

447.95 

283.6 
283.5 

2/21/17 

282.9 
282.9 

447.3 
447.35 
447.3 
447.2 

282.85 
282.85 

2/22/17 

281.5 

231.35 

281.4 

445.9 
445.9 
446.0 

281.5 
281.5 

164.43 


164.49 


104.46 


164.41 


164.48 

Average  Deflection  164.45kjd 

Deflection   of  0.9908  M(i.v.J   i08.b7rt~ 

D   •  3804.  mrr 

d    ■  38. CO   mr 

k   ■  0.005113 
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3.0017    M    KCl 
Readings   a<3ain8l    1.5099  M   KCl 


Date  Zero  •    Reading  Zero  Reading       Deflection 


4/23/17  284.9  451.05 

284.85        451.0 


284.85 

451.  ")5 

284.85 

4/23/17 

283.7 

449.95 
4-i9.95 
460.0 

283.8 
283.8 

4/25/17 

281.95 
281.95 

448.1 

446.15 
448.1 

281.9 
281.9 

166.17 


166.20 


166.20 


4/25/17  283.15         449.3 

2B7.15        449.4 

449.4  283.15  166.22 

4/25/17  282.85        449.05 

282.85        449.0 

449.05  282.8  166.20 

4/26/17  281.9  448.1 

448.15  281.95 

448.1      281.9  166.20 


Average  Deflection  16«,30»jb 

Deflection  of  1.5099  M(^.v.)   l«>4.66m» 


D  =  3801  mm 
d  X  33.90  D^m 
k  s  0.005117 
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3.5783  M  KCl 
Readings  against  3*0017  M  KCl 


Date 


Zero 


6/10/17    301.0 
301.0 


Reading    Zero    Reading    D*»flflctlon 


235.05 

235.1 

235.1 


301.1 
301.1 
301.05 


65.97 


5/10/17 


5/10/17 


301.05 
301.05 


281.0 
281.0 


235.0 
235.0 
235.0 


215.05 

215.0 

215.0 


301.0 
301.0 


281.05 
281.05 


66.02 


66.00 


5/11/17 


301.0 
300.95 


235.0 
235.0 
235.05 


301.0 
301.0 


65.97 


5/11/17 


300.85 
300.9 


234.85 

234.9 

234.9 


300.95 
300.95 


66.09 


Average  Defl-^ction 


66. 00  mil 


Deflection   of   3.0017   M(q.v.)   Jj?^'??" 

I 164. 65 m* 


D    B  3601  mm 
d   s  38.90  mn' 
k    =   0.006117 
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4.0070  M  KCl 
Rttadlngs  against  3.0017  ¥  KCl 

Date       Zero     Reading    Zero       Reading   Deflection 

6/10/17  301.1  185.3 
701.1  165.3 
301.05     185.3     301.05  115.80 


5/10/17     301.05     185.3 
301.05     185.25 

185.2     301.0 

185.2      301.0  116.78 


5/11/17     301.0     185.2 

300.95     165.25    301.0 


165.2      301.0  115.77 


5/11/17    300.85     165.1 

300.9      185.05     300.96 


185.05      300.95  115.84 


Average  Deflection  115.80  m» 

Deflection  of  3.0017  V  (q.v.) 


1166.20  BC 
( 164. 66  HUT. 


D    r   3801  .mrr.      d    =    78.90  rm 
k    -   0.005117 
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G  . 

M  : 

8  I 

D  I 

k  : 

0 
3.7132 

6.2480 

7.4339 

16.009 

22.256 

28.743 

37.079 

44.736 

62.166 

74.322 
92.912 

112.58 

127.29 

146.66 

167.39 

185.775 

223.81 

266.80 

298.765 


SUMMAKY  OP  DATA 

Table  1 

grans   of   KCl    per   1000  grams   of   solv»int 

Bols    (74.66)    per   1000  grams  of   solvent 

seal*'   deflection 

distance   fiom   i  Irror   to    scale 

constant   employed    for   small    deflections 

lowerinc    In   mni   of  Hg  (Hg   correcto    0"    C .  ) 

If  B  D  kxlO®        h  pj,-  p^ 

^.0498  5.76      3804      5113      0.0294      0.0293 

0.0704  8.02  3804  5113  0.0410  0.0408 

0.0997  11.25  3804  5113  0.0575  0.0573 

0.2013  22.29  3801  5117  0.1141  0.1136 

0.2985  32.86  3807  5109  0.1679  0.1672 

0.3855  42.15  3807  5109  0.2153  0.2144 

0.4973  54.45  3S07  5109  0.2782  0.2770 

0.6000  65.80  3807  5109  0.3362  0.3347 

0.^995  76.60  3804  5113  0.391G  0.3899 

0.7958  8C.76  3807  5109  0.4432  0.4412 

0.9968  108.57  3S04  5113  0.5549  0.5525 

1.2461  135.69  3804  6113  0.6934  0.6904 

1.5099  164.65  3801  5117  0.8420  0.8383 

1.7072   163.92   3801   6117   0.9523   0.9482 

22 .  29 
1.6936   141.07   3604   5113   1.1125   1.1077 

76.60 
2.2450   109.86   3e04   5113   1.2546   1.2492 

135.69 
2.4916   164.45   3804   6113   1.3962   1.3893 

108.67 
3.0017   166.20   7801   6117   1.6918   l.«*^44 

164.66 
3.6783   66.00    3801   5117   2.0296  <..  ■t.-'i 

166.20 

164.66 
4.0070   11.0.80   3801   6117   2,2841   2.2741 

166.20 

164.65 


Pc 

»-  Pi 

0. 

u 

.5r88 

0. 

.6799 

0. 

5744 

0. 

,5641 

0. 

.L600 

0. 

.5562 

0. 

,  Tifinc 

0. 

.6579 

0. 

.5573 

0. 

.6644 

0. 

.6543 

0. 

.6540 

0. 

■  V  '62 

0. 

.5664 

T. 

.5666 

0, 

,6664 

0. 

.6876 

0. 

.6611 

J, 

.6647 

0.6676 


J^''  ■ 

r 

:k 


^U 

V 

>i 


■S-^ 


'^ 


wx 


'? 


V 


35 
Dir.CUSSION  OF  R'^SULTC  . 
1.  Molecular  Lowering  Curve. 

The  variation  In  lowering  of  vapor  pressure  with 
concentration  is  best  seen  when  p  -  p  /M  is  plotted 
against  concentration.   See  figure  4.   Solutions  below 
0.4  M  behave  with  respect  to  lowerinf3  of  vapor  pressure 
as  would  be  expected  of  a  solution  of  an  ionizing  salt. 
In  the  region  of  the  0.6  V   thei  e  Is  a  distinct  n.axl- 
BUiii  which,  considering  the  smoothness  of  the  curve 
over  other  regions,  we  cannot  attribute  to  experlrrental 
error.   The  minimur.  at  0.4  M  has  been  observed  In  the 
previous  ireasurertents  of  potassium  chloride  as  reference 
to  Table  2  will  show.   Irregular  lowerlngs  for  solutions 
of  mannite  investigated  by  this  method  have  been  in- 
dicated between  0.4  M  and  0.6  V. 

It  does  not  seer  reasonable  to  ascribe  this  ir- 
regular molecular  lowering  to  changes  in  the  degree  of 
hydration,  since  it  is  generally  conceded  that  potaosluo. 
chlorld*^  is  nearly  an  idet^l  solute  and  does  not  combine 
with  water  in  a  chemical  sense.   The  explanation  is  pro- 
bably to  be  found  in  th^^  corr.pl px  hlrhly  anf^orlated 
solvent  employed.    It  lo  beii'.-vcu  iiwi   ■itirji  conaista 
of  three  different  molecular  speciea  in  an  equlllbrluB 


76 

which  undercoes  markeu  change  with  vurylng  teirperuturn  and 
pressure.   According  to  the  theory  of  L«  Place,  the  funda- 
mental properties  of  uny  liquid  depend  on  the  enormou«  fo.-r*** 
between  ihe   molecules  producing  what  Is  Kno«n  as  aulecula; 
or  Inner  pressure  which  opposes  any  increase  In  the  volune  of 
the  liquid.   The  process  of  solution  may  be  regarded  as  a 
Beans  of  expanding  the  liquid  without  the  application  of  heat. 
The  molecules  cf  the  solute  are  dispersed  between  the  mole- 
cules of  the  liquid  thereby  forcln^;  them  apart  and  exi^undlng 
the  liquid.   A  gas  Is  expanded  by  changing  the  external 
pressure--we  err.  loy  the  solute  as  a  means  of  aprlylr.f,  the 
expafKling  pressure  within  the  body  of  the  liquid  ilt.ei.r. 
The  physical  nropertles  of  a  solution,  such  as  vapor  pressure, 
boiling  point,  freezing  point   etc.,  are  merely  the  proper- 
ties of  the  expanded  solvent.    As  we  dissolve  more  and   core 
potasclum  chloride  In  water,  the  Inner  pressure  becomes 
greater  and  greater,  the  0'^u^1^^Iu^  h^^tneen  th«  >lirrer'Tt 
molecular  species  of  water  shifls,  arid  it  seems  quite  reason- 
able to  assure  that  the  vapor  pressure  would  show  irregulari- 
ties at  any  point  where  a  jrarked  shift  fio"  ■•?  •  '•-^-^r  to 
another  took  place. 

The  marked  decrease  In  the  viscosity  of  water  with 
rise  in  temperature  is  attributed  to  the  dlBaf'^'  '•♦  ^'^'-   of 
the  complex  water  molecules.   That  the  moleoul«r  cuKi/««Aily 
of  water  ie  sloipllfied  by  the  presence  of  •  dlaaolved  lub- 
stance  seeirs  to  bo  borne  out  In  the  obaorvatlona  of  r«X«tivr 
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viscosity  of  solutions  of  certain  salts,  of  which  potas- 
siuffl  chloride  is  one,    irhero  a  decrease  in  the  visconity 
of  water  Is  brought  about  by  the  addition  of  slight 
•mounts  ol"  the  salt.   This  phenomenon  has  been  called 
"negative  viscosity."   'Especially  is  such  behaviour  true 
at  the  lower  temperatures  of  water  where  its  molecular 
coiEilexlty  is  greatest.    Ranken  and  Taylor^  state  that 
the  relative  viscosity  curve  of  such  solutions  contains 
at  least  one  mlnlirum  at  a  point  along  the  concentration 
axis  which  is  deterrrlned  by  the  nature  of  the  dissolved 
substance  and  the  temperature.   At  such  a  point,  rela- 
tive fluidity  is  a  maxinum.   The  water  particles  hav-j  the 
greatest  freedom  of  motion,  their  escaping  tendency  has 
been  increased,  the  vapor  pressure  of  the  solution  is 
consequently  greater,  and  therefore  the  lowering  will 
be  dirinished  at  such  a  point.   Viscosity  measurements 
of  potassium  chloride  solutions  at  20  degrees  are  not 
available,  but  reference  to  values  at  adjacent  tempera- 
tures p;lvGn  In  Tabl«*  3  and  plotted  '.n  figure  5  shows 
that  ine  EQiecu^ar  lower iuz    ^^urve  follows  the  relative 
viscosity  curve  In  a  very  striking  manner.   Oetman* 
finds  a  minimum  in  the  absolute  viscosity  curve  of 

1.  Proc .  Roy.  Soc.  Kdin.,  45,  397 

2.  J.  Am.  Cher..  Soc.  ,  30,  721  (It-')'),   ...  u.-il-. . 
phys.,  5,  344  (lt*07) 
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Table  2. 


Ooncontratlon 

Mo In  per 
1000  gms  water 

0.2 
0.4 
0.6 
0.6 
1.0 
1.2 
1.5 
2.0 


Molecular  Lowering 
Forirer  Recent 

ResultH  Results 


0.5?^ 

o.f. :.; 

0.548 
0.547 
0.547 
0.552 

0.550 

o.5r.i 


0.564 

0.5f>6 
0.566 
0.554 
0.554 
0.554 
0.555 
0.556 


Comparison  of   Recent  Results   of  Vapor   Presnure   Lowering 
of   Potusslur.   Chloride   Solutions   with 
Former  Results. 
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Table  3 


Ranken  and  Taylor. 


25- 


Cone 

Rel 

Rel 

i  - 1 

Rel 

Rel 

i--  1 

Vise 

Fluidity 

\M 

Vise 

Fluidity 

If 

r\/rv 

1.0015 

M 

r\/a.     . 

0.05 

0.9t'82 

0.036 

0.9995 

1.0005 

0.010 

0.1 

0.9965 

l.OOIS 

0.035 

1.0000 

l.OOOO 

0.000 

0.2 

0.9&26 

1.0075 

0.038 

0.9985 

1.0015 

0.  ^07 

0.5 

0.96  12 

1.0179 

0.036 

0.994 

1.006^ 

0.  ^1  :• 

1.0 

0.9695 

1.0305 

0.031 

0.99."  5 

LO-vfj 

^.     !'JC 

1.0 

0.9719 

1.0281 

0.026 

1 .  002 

( ' . 

_,  .  7  "3 

2.0 

0.961 

1.039 

0.020 

1.012 

. 

_  ->.      »• 

3.0 

0.9766 

1.0234 

0.008 

1.032 

0,if>:' 

-    .  ' ". 

16*             Oruneisen^ 

> 

0.05 

0.9991 

1.0009 

0.016 

0.1 

0.9982 

1  . 

*■         "  *    T 

0.2 

0.9959 

1  .  .     . 

. 

0.5 

0.9696 

1.0102 

0.020 

1.0 

0.982 

1.0180 

-J.  018 

Relati 

ve   Viscosity   of   Potassium 

Chloride 

Golutlons 

at  u;   : 

1.  loo.  cit.,  ai.d  reference  there  to  former  article 

2.  Ilns.  Ahh.  d^r  Phys.  Tocb.  Pelc?  n  Lnntal  t .  •« .  fr^C. 
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potaesium  chloride  solutions  at  16  degrees  at  a  point 
about  1.0  M.   He  records  only  one  value  in  the  "negative 
viscosity"  region  of  the  curve. 

Speculating  to  sore  extent,  we  may  review 
the  entire  rrolecular  lowering  curve  in  the  following 
manner:   In  dilute  solutions  the  lowering  comes  down 
Just  as  would  be  expected  with  decreasing  ionization. 
But  around  0.4  M  where  a  slight  rinirum  occurs  in  the 
lowering  the  influence  uf  fluidity  predominates  over  any 
ionization  influences,- the  values  of  $  -  1  /  M,  the 
ratio  of  the  increase  of  fluidity  over  tfiat  of  water 
to  the  mols  of  dissolved  substance,  tends  to  a  maxlmua 
in  Just  this  region.    At  about  0.6  M,  ionization 
influences  recover,  and  the  curve  slopes  downward 
again.    It  would  be  interesting  to  investigate  solu- 
tions of  eodiur.  chloride  which  do  not  exhibit  "negative 
vlscoeity,  and  see  if  this  break  in  the  lowering 
curve  is  absent.   At  about  1.0  W  we  may  imagine  that 
the  watei  molecule"  ^r..  shifted  to  their  simplest 
for»,  and  If  the  volume  of  the  potass iur.  nolecules 
and  ions  be  greater  than  the  volune  of  the  water  mole- 
cules, then  the  further  addition  of  potassium  chloride 
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serves  only  to  Increuae  the  viscosity  of  the  solution. 
That  is  to  say,  the  fluidity  decreases  In  a  linear 
nr.anr'.er,  and  the  vapor  prrtssure  is  affected  In  the  eume 
manner.   Th«?  idea  of  hydration  is  not  to  be  l. Isparagedi 
Bspeclally  In  the  concenti ated  solutions  would  Its  In- 
fluences be  noticeable,  not  only  In  increaslnc  the  volume 
of  the  potassium  chloride  molecules  and  Ions,  but  also 
In  removing  the  solvontfrom  Its  role. 

There  are  no  measurements  of  the  vapor  pres- 
sure of  potasslufr  chloride  solutions  at  20  degrees  by 
other  n'ethods  available  for  comparison  with  the  results 
obtained  In  this  Investigation.   Table  2  gives  the  fornier 
values  by  this  same  method.     Complete  reroval  of  air 
from,  the  solutions  was  not  obtained  In  the  former  work. 


2.  Calculation  of  Vapor  Pressure  Lowering 
from  Freezing  Point  Lowering. 

In  calculating  tho  vapor  pressure  of  solu'.lons  at 
20  degrees  from  freezing  point  observntlons  the  values 
given  by  Moyes  and  Falk-  as  the  wel,3htod  mean  of  all 

1.  Lovelace,  Prazor  *  Miller.  J.  Am.  Chem.  Sec,  38,  527 

2.  J.  Am.  Chem.  Soc . ,  32,  1020  (IPIO) 
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recent  reliable  fr^'pzlnc  point  work  were  first  emjloyed. 
Tablo  4  contains  theft;  values  and  the  lowerlncs  calcu- 
lated therefrom  are  compared  with  those  observed  in  the 
present  Investigation.   In  extending  the  calculations 
to  concentrated  solutions,  the  frecrlng  point  data  of 
Roloff^  seeii.ed  to  be  the  best  available  work.   Ihlle 
no*.  Included  In  the  weighted  means  of  Noyos  and  Falk 
it  8ho«s  very  close  agreement  whert.  the  concentrations 
overlap.   The  calculations  are  given  ir  Table  5. 
Concentrations  in  both  tables  are  expressed  In  mole 
per  1000  grams  of  solvent. 

The  difference  between  calculated  and  observed 
values  is  about  1--3  $.      This  might  ajjpear  to  be  due  to 
error  when  we  consider  that  In  the  freezing  point  deter- 
Binatlon  th«  therr.ometer  was  read  to  0.001  degrees,  and 
that  a  mercury  column  was  measured  to  0.001  mm  in  the 
vapor  pressure  measurement  --  two  delicate  experimental 
operations.    Put  the  greatest  part  of  the  error  in- 
volved lies  in  the  assumption  upon  which  the  calcu''atlon 
was  based,  viz.,  that  von  Babo's  law  held.   If  Po/Pi  !• 
independent  of  temperature  as  the  law  states,  then  we 
should  expect  ti-  find  that 

The  value  of  log  Pq/Pi  ^^^   several  concentrations 


1.  Z.  physlk.  Ch.  18,  678  (1-vb) 
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Table  4. 

Cone 

y^. 

Pi 

^0 

Pq-PI 
calc 

Po-  Pi 
obs. 

Dlff . 

0.05 

0.175 

17.5-^0 

17.539 

0.030 

0.029 

0.001 

0.1 

0.346 

17.4  -.  ; 

' 

0.059 

0.057 

0.002 

0.2 

0.67& 

17.414 

II 

0.115 

0.113 

0.002 

0.3 

1.007 

17.368 

II 

0.171 

0.168 

0.003 

0.4 

1.333 

17.312 

II 

0.227 

0.2.-!2 

0.005 

0.8 

1.665 

17.256 

If 

0.283 

0.278 

0.005 

Calculated  Vapor  Preosure  Lowering  of  KCl 
Solutions  at  20  from  weighted  mean 
Freezing  Point  Data  of 
Noyes  and  Falk. 


Table  5 


Cone       Atr               Pq'PI     ^©-^1  Difference. 
^                 calc .     obR. 

0.1121      0.334      0.065      0.064  0.001 

0.2426     0.827      0.140     0.136  0.004 

0.4136      1.389     0.236     0.232  0.004 

0.5825     2.721      0.460     0.456  0.0"4 

•1.0        3.236     0.555     0.554  0.001 

1.0473      3.437      0.580      0.561  -0.001 

1.4404      4.696     0.792     0.799  -0.007 

1.6453      6.37       1.072      1.083  -0.011 

2.257J      7.34       1.234      1.256  -0.022 

2.C730     8.66       1.454      1.494  -0.040 

3.3020     10.75       1.799      1.858  -0.059 

♦Raoult--The  remainder  of  Paoult'p  work  is  Includ'^d  in 
the  weighted  rroans  of  Noyes  and  Falk. 

Ca^culat»?d  Vapor  Pressure  Lowering  of  KCl 
Solutions  at  20  from  the  Freezing 
Point  Data  of  Roloff. 
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Table  6 

1( 

3g  P  /P, 

"   1  20* 

Cone. 

r? 

Difference 
X  10-0 

0.05 

. 00074 

.00072 

2 

0.1 

00145 

00142 

'a 

0.1121 

00163 

00159 

0.2 

00266 

00281 

5 

0.3 

00425 

00418 

7 

0.4136 

00587 

00578 

9 

0.8225 

01154 

01144 

10 

1.0473 

01462 

01463 

-1 

1.4404 

02007 

02025 

-18 

2.2J:72 

03168 

03228 

-60 

3.3020 

04701 

04863 

-128 

Values  of  log  Pq/Pi  aa  calculated  from  Freez- 
ing Point  Data  and  from  Vapor 
Prensure  Data  at  20. 


Table 

7 

Peri 

Cone . 

p,  -  p  KCl 

p  -  P  Vannlte 

VP(2' 

*^o      *^  \ 

"«-   1 

0.05 

0.0294 

0.0156 

88.6 

0.07 

0.0406 

0.0216 

ee.2 

0.1 

0.0574 

0.0311 

84.^ 

0.2 

0.1126 

0.062:? 

61.4 

0.3 

0.1660 

o.r^  "•■ 

7?-. 9 

0.4 

0.2225 

0.1... 

79.0 

0.6 

0.2785 

O.lClb 

79.0 

0.6 

0.3347 

0.1677 

78.3 

Percentage  Ionization 

CR(lt^     F? 


68.9 

86.0 
82.7 


77.9 


66.6 

66.1 
83.: 


80.0 


Percentage  Ionization  of  dilute  solutions 
Calculated  fror  Vapor  Pt      e  Lo»' 
pared  with  Values  L-..-*-ated  :. 
ing  Point  and  Conductance. 


of  Potaeulua  Chloride 
n  and  CoB- 

:''r»»"?7.  - 
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eelectod  at  random  have  been  calculated  at  Lno  ireMzlng 
point  and  at  20  de£ree8.  These  values  are  recorded  In 
Table  fi.   It  Is  seen  that  the  change  In  the  valuo  of 
log  Po/P   with  temperuture  Is  not  zero.   In  order  lor 
the  value  at  the  freerlnc  point  to  b*i  equal  to  that 
tit  20  degrees  for  a  solution  as  dilute  as  0.3  M,  we 
would  have  to  assur. .  an  error  of  approximately  0.02 
degre  s  In  the  frering  point  lowering,  or  approxiitately 
0.003  mr,  in  the  vapor  prescure  measurement.   The 
pecul iar  change  of 

dT     p^ 
with  concentration  further  supports  the  asRuirption 
that  the  departure  frorr  a  linear  function  is  caused 
by  shifts  of  equilibrium  between  the  water  molecules. 


3.  Comparisi  n  of  Ionization  Values. 

When  the  percentage  ionization  of  dilute  solutions 
of  potassium  chloride  culculated  from  tlie  vai^or  pressure 
lowerings  recorded  in  this  investigation  is  comparnj 
■1th  those  values  obtained  from  the  best  freezing  point 
and  conductance  ratio  data  a  very  good  agreement  ia  observ- 
od.   See  curves  in  figure  6.   Table  7  contains  the  values 
compared  with  those  compiled  by  Noyes  and  Falk.^   The 


1.  J.  Aid.  Chen.  Sec,  34,  465  (1012). 


45 

vjiluos  unrtfir  FP  and  CF  are  for  concontratlona  expressed 

in  niois  per  liter  of  soluLlon,  Lfunn  ur.d'..'  Vf  for  boIu- 

tlons  in  ntolb  per  1000  grams  of  solvent.   The  comparison 

does  not  involve  any  more  serious  error  on  account  cf 

the  different  modes  of  expresninc  concentration  thar.  right 

arise  in  the  lnteri)olation  of  the  lowerings  of  the  solutlonB 

Attention  has  already  been  called  to  the  disturb- 
ing influences  that  produce  irregularities  in  the  lowering 
from  0.4  V  upward.   Any  calculation  of  Ionization  for 
concentrations  above  that  point  could  hardly  be  considered 
relaible . 

It  will  be  noticed  that  the  ionization  curves 
calculated  from  freezing  point  and  froir.  vapor  pressure 
data  are  very  simlllar  to  each  other  and  dissimiliar  to 
the  curve  calculated  from  conductivity  and  viscosity  data. 
This  is  to  be  expected,  for  In  vapor  pressure  and  free/.  Ing 
point  observations,  we  are  measuring  properties  of  the  sol- 
vent, while  in  conductance  *e  are  measuring  properties  of 
the  solute.   The  lack  of  agreement  of  the  values  under  PP 
and  VP  does  not  arise  from  the  difference  in  terperature. 
Moyes  and  Palk   in  conparing  the  FP  and  CR  values  point  out 
that  the  effect  of  temperature  on  ionization  Ovor  sucn  a 
short  run^e  *>f  temperature  is  negligible.   Then  In  this 
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Jlfference  betwe-^n  Iho  VP  and  P?  values  we  have  a  measure 
of  the  chance  of  the  complexity  of  water  molecules 
between  zero  and  20  degrees. 
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SUWARY. 

The  lowerlne  of  Viw  vapor  [resBure  of  aqueous  aolu- 
tlons  of  potasslufT  chloride  ranglnc  from  0.05  M  to  4.0  ¥ 
has  been  studied  by  the  improved  static  method  of  Pruzer 
and  Lovelace. 

A  more  rapid  and  efficient  method  has  been  developed 
for  making  up  air  free  solutions. 

The  relative  accuracy  of  results  previously  obtained 
for  potassium  chloride  solutlonfi  from  0.6  M  to  2.0  M 
has  been  verified,  in  that  p^  -  p^/v  is  nearly  constant. 

Tho  influence  of  the  solvent  is  Bugi3eBted  as  an  ex- 
planation of  some  of  th.-  irregularities  in  lowerinc^ 
Attention  Is  called  to  the  general  way  in  which  the 
rrolecular  lowerinc  curve  follows  the  viscosity  curve. 

Through  an  equation  connecting  freezing  point  and 
vapor  pressure,  the  vapor  pressuro  of  solutions  has  been 
calculated  from  freezing  point  data  and  compared  to 
observed  values. 

The  calculation  of  the  percentage  ionization  of  the 
dilute  solutions  studied  shows  good  agreement  with  t^.e 
values  obtained  from  the  best  freezing  point  and  conduc- 
tivity data. 

The  moarurement  of  the  lowerlngs  recorded  herein 
is  considered  accurate  to  0.001  nn . 
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